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A bright future is the best contraceptive.
-Marian Wright Edelman

Introduction.
In days past, with low average life expectancy many women gave birth-and therefore, perhaps rationally so-early on in life. Today, however, birth at an early age is usually considered an adverse outcome-even in developing countries-due, among other things, to increasing life expectancies over most of the latter half of the previous century. Teenage pregnancy arguably is a case in point here. Not only will a teenage mother be less able to take care of the child at birth due to her often low socioeconomic status but future care will be affected as well, since the accumulation of human capital will be at the expense of her earlier caretaking, all else equal.
In line with this discussion, recent years have seen increased attention to the relationship between human capital and teenage pregnancy/childbearing (Heckman, Stixrud, and Urzua, 2006; Levine and Painter, 2003; Ribar, 1993 Ribar, , 1994 , especially for the US. Many of these studies consider the direction going from pregnancy to individual human capital outcomes and also mostly focus at developed countries.
This study extends previous research in several directions. First, again, while previous studies mostly have examined the direction going from pregnancy to individual human capital outcomes, I consider the possibility that basic skills and schooling, some of which are obtained during the early years, have a potential role in avoiding "too early" (certainly in terms of possibly affecting subsequent additional human capital accumulation) pregnancies. Second, I
consider adult literacy programs as a potential alternative to the formal education system in terms of acquiring life skills, including health knowledge. This is a channel that seems especially promising for developing countries where substantial parts of the population have acquired only low levels of human capital, including basic skills such as literacy and numeracy-but at the same time this has received only limited attention in previous research. Third, I allow for possible separate effects from two alternative forms of reading skills, namely native reading skills and the skills of the official government language (which in this case also is the language of the previous colonial power). Fourth, in exploring these multidimensional human capitalteenage pregnancy linkages the effects of the individual human capital components are allowed to be endogenous, where many previous studies have taken human capital to be predetermined, if 3 not exogenous.
1 Lastly, this study considers a developing country, where the bulk of previous research has focused on developed countries, especially the US.
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The empirical application for this analysis is the West African country of Ghana. Ghana provides an exciting context for examining the issue of teenage pregnancy, especially in terms of the possible linkages to adult literacy programs and literacy.
First, while teenage pregnancy is a problem in many developing as well as developed countries, teenage pregnancy has increased substantially in Ghana in recent years, almost doubling between 2009 (43,465 pregnancies) and 2013 (83,917 pregnancies) among those aged 15 to 19 years, so that these pregnancies now account for about 12.3 percent of all pregnancies in Ghana (GHS, 2013) . 3 Since pregnancies for adolescents are both associated with potential health problems-both for the mother and the child-as well as with increased risk of the teenage mother dropping out from school (if enrolled, in the first place), this massive recent increase in teenage pregnancies in Ghana would seem to be an important policy concern; and warranting also increased attention from researchers.
Second, however, adult literacy programs-which have a long history in Ghana 4 -seem to provide a potential vehicle in the fight against teenage pregnancy. Alas, these programs have been scaled down-if not practically abandoned-in recent years, particularly due to their seemingly dismal track record in creating literacy and numeracy skills for participants 5 . This is in line with similar developments across the developing world, including also major players such as the World Bank (Chowhury, 1995) . Yet, there is a case to be made that even if the programs may not be successful in creating their stated objectives of literacy and numeracy, due to their nature of being multiplex programs-containing also a Health 6 , an Income-Generation/ 1 Although it turns out that ultimately this does not appear necessary for the application considered here. 2 A caveat here is that a substantial literature exists on the related notions of "age at first birth" or "first-birth timing," though this literature seems to be predominantly Asian (e.g., Hirschman and Rindfuss, 1980; Bloom and Reddy, 1986; and Basu, 1993) -so that explicitly examining teenage pregnancy, per se, and especially doing so for the Sub-Saharan African country of Ghana, is still a contribution to the literature in this dimension. 3 Similarly, several key reproductive health statistics in Ghana are comparatively low-including median age at first intercourse (18.4 years for women and 20.0 years for men), at first birth (20.7 years), and at first marriage (19.8 years for women and 25.9 for men) (GSS et al., 2009) . 4 See Blunch and Pörtner (2005) , Appendix B (whereupon much of the following discussion is also based) for additional details. 5 See, e.g., Abadzi (1994) and Ortega and Rodríguez (2008) . 6 Topics include family planning, teenage pregnancy, environmental hygiene, immunization, HIV/AIDS, safe motherhood and child care, drug abuse, traditional medicine, and safe drinking water.
Occupational Skills 7 , and a Civic Education 8 component-they may still be beneficial to participants in terms of improving their livelihoods in these other dimensions. Here, previous evidence seems to suggest a substantial impact on health outcomes especially from the health component of the program (Blunch, 2013) . Since these programs are relatively inexpensive on both the supply and the demand side-by typically using voluntary teachers (frequently day-time teachers from the formal education system) and meeting just a few hours a few times a week, in the evening (thus allowing learners to work during the day)-even modest returns in terms of improved outcomes of participants are likely to be cost-effective. 9 Third, public health campaigns in Ghana (for vaccination-drives, HIV/AIDS information, etc.) frequently incorporate banners in the public sphere-frequently in English, the official language of Ghana. There is therefore a case to be made that English reading skills 10 might be more important for affecting health outcomes, including avoidance of a teenage pregnancy, than
Ghanaian reading skills.
In response to these issues, the analysis in this paper focuses on the role and interplay of four types of human capital as potential determinants of teenage pregnancy in Ghana: Ghanaian and English reading skills, formal educational attainment, and adult literacy program participation. Allowing for human capital to potentially be endogenous, the analysis first pursues an instrumental variables strategy, using several alternative sets of identifying instruments. As this indicates that skills and schooling may be treated as predetermined to whether a teenage girl has experienced a pregnancy, the main analysis continues with OLS/linear probability models, and also offers matching as an alternative estimation method to corroborate the main results.
Data
The Ghana Living Standards Survey is a nationally representative multi-purpose household survey, the fifth round of which (GLSS 5, carried out in 2005/06) is used for the analyses in this paper. The household survey contains information on fertility, formal educational attainment, 7 Topics include cocoa farming, maize cultivation, dry season farming, basket weaving, animal husbandry, beekeeping, oil palm cultivation, borrowing money for work, hygienic way of preserving and selling fish, farm extension services, pottery, and soap making. 8 Topics include taxation, bushfires, interstate succession law, child labour, chieftaincy, community empowerment, and expensive funerals. 9 See Blunch (2013) for a cost-benefit analysis of adult literacy programs in Ghana in the context of child mortality outcomes. 10 Again, most likely obtained from the formal education system and only to a lesser degree from participating in adult literacy programs.
5 participation in adult literacy programs, reading skills, as well as information on background variables such as age, parental education, marital status, and tribal association/ethnicity, which are also important factors in analyses of human capital processes.
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Teenage pregnancy, the dependent variable for the analysis here, is constructed from the fertility module. This module includes information on reproductive outcomes including whether or not a woman has ever experienced a pregnancy and the number of children ever born and ever deceased to a woman (12 to 49 years old) but not the dates of these events. However, since the estimation sample is restricted to teenage girls, only, the event will not have happened very far back in the past, though it is still possible that the explanatory variables, some of which are current, may be poor predictors. If a teenage girl has recently participated in an adult literacy program, for example, this of course has no impact on the past pregnancies. Similarly, an earlier pregnancy might have induced the girl to participate in the program in order to be able to prevent future pregnancies. In turn, all of these are additional reasons to pursue the IV strategy discussed in the following section. I construct a binary measure which takes the value one if the teenage girl has ever been pregnant and zero otherwise.
Starting with the focal explanatory variables, formal educational attainment is constructed as a set of three binary variables, corresponding to the completion of primary school, middle/junior secondary school, and secondary and above 12 (with the reference category consisting of individuals who never attended school or have primary incomplete). Adult literacy program participation is a binary measure, stating whether an individual has ever attended an adult literacy program. A problem with this is that the time of participation is unknown. An individual may just have started attending a class, for example, in which case the impact from the program will not have taken full effect. This would lead to a downward bias in the estimated impact. Similarly, the adult literacy program could have been completed long ago, possibly leading to depreciation of any skills or knowledge obtained from program participation. Also, the quality and content of adult literacy programs may vary across time or across areas.
Unfortunately, the GLSS 5 does not have additional information about timing of participation or about quality or content of the program (though the use of geographic fixed effects in the estimations goes some way towards controlling for program quality and/or content). As these measurement issues may all be considered specific types of measurement error, these issues in 6 and by themselves point towards the use of instrumental variables methods for this application (as measurement error is one of the possible sources of the larger issue of endogeneity-which the use of instrumental variables is one way of remedying).
Ghanaian and English reading proficiency is constructed from the education module.
The question on English reading skills is: "Can (NAME) read a letter in English?" while the question on Ghanaian reading skills is: "In what Ghanaian language can (NAME) read a letter?"
The subjective nature of these questions and the use of indirect reports are sources of concernconsistency checks elsewhere, however, give some measure of confidence in this information (Blunch, 2014) .
Additional controls include region of birth, 13 region of residence, and cluster fixed effects capture economic conditions specific to the area (as well as everything else related to the region or community in question). The inclusion of current residence fixed-effects (in two alternative flavours, including either regional or cluster fixed effects) help control for possible non-random program placement on the part of government officials or other decision makers in charge of allocating adult literacy programs across Ghana. 14 For example, the North and Upper East and Upper West regions suffer from both less availability and lower quality of educational facilities than the rest of Ghana, as do rural areas versus urban areas.
Socioeconomic background, perhaps most importantly parental education, is also important. For example, more educated parents are both a source of health/contraceptive knowledge and also more likely to instil in their children relatively stronger preferences for avoiding teenage pregnancies than are less educated parents. Additional factors include age, economic factors such as labour market and general economic conditions in the area of residence and ethnicity/tribal association, which is included to capture cultural differences in attributes regarding teenage pregnancy. Cultural and contextual factors are also captured by the region and cluster fixed-effects mentioned earlier.
From the previous discussion, since the survey module pertaining to reproductive behaviour was administered to women between 12 and 49 years of age, and since the analysis here considers teenage girls, this gives the first implicit sample restriction-namely to girls 13-19 years of age (both included). Together with the fact that information on whether or not ever 13 In addition to having been born in one of the ten different regions in Ghana, the variable also allows for being born abroad (three categories: Other ECOWAS, Other African (than ECOWAS), Outside Africa). 14 Though it is of course possible that individuals have attended the adult literacy program in another region or community-though the inclusion of region of birth fixed effects in addition to either region of residence or cluster of residence fixed effects seem to address this to some extent, at least at the regional level.
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having experienced a pregnancy also must be available, this yields an initial sample of 2,757 observations. Some explanatory variables are missing for some observations, which causes a further drop in the sample size in arriving at the final, effective analysis sample of 2,746 teenage girls for the full sample. From the resulting table of descriptive statistics (see Table 1 , below) teenage pregnancy is more common in rural areas, where about 10.6 percent of teenagers have experienced a pregnancy-as compared to about 8.5 percent for the full sample. Similarly, at 9.4 percent, having experienced a pregnancy is more common among teenage girls with less than primary completed than among teenage girls in general (full sample: 8.5 percent). The former of these findings are in line with the fact that rural girls also have far less education on average; for example, the group of girls who has completed less than primary accounts for only about 40.6 percent of the full sample but about 51.5 percent of the rural girls. The finding that teenage girls with less than primary completed in rural areas have a very similar incidence of ever having experienced a pregnancy (about 10.5 percent) to rural teenage girls in general (about 10.6 percent) is both an indication of the poor quality of formal education in rural areas and the relative effectiveness of adult literacy programs in helping avert teenage pregnancies through the reproductive messages taught therein (since the adult literacy program participation rate among the latter group-which is also, indeed, the target group of these programs-is about 4.1 percent, as compared to only 2.5 percent of rural girls overall). Again, these are merely descriptive statistics-to validly assess the relative effectiveness of adult literacy programs in averting teenage pregnancies requires a multivariate analysis, the framework of which is discussed in the next section.
[ Table 1 about here]
Methodology
This section reviews the methodology applied in this paper. First, a simple framework in the human capital tradition is outlined; this is then followed by a discussion of identification strategies and other issues related to the empirical analysis.
Conceptual Framework
The traditional economic approach to fertility views the fertility decision as a rational choice, essentially being a matter of how the demand for children is affected by a host of other factors.
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These factors include the relative price of children or, similarly, the opportunity cost of child rearing, the cost of fertility regulation (including psychic costs as well as cost involved with finding and using a given method), as well as the expected future economic opportunities. 15 For instance, if the demand for female labour in the labour market increases, so that female wages increase, women's demand for children is expected to decline. Similarly, if economic prospects are improving more generally, investment in education is expected to increase-thus again decreasing the demand for children and therefore also decreasing teenage fertility. Relatedly, Grossman developed his health human capital model to examine the relationship between the education and the health status of an individual (Grossman, 1972) . In the original Grossman model an individual obtains utility from one's own health and the education affects run from own education (as a whole that is, not considering the components of education, such as reading skills) to own health. Here, one might consider teenage pregnancy a specific type of (averse) health (outcome), with especially high risk involved for younger girls. Similar to the rational choice fertility framework this framework once again assumes certainty (perfect foresight) and perfect information.
There are several reasons why the rational choice fertility or the health human capital models may yield overly simplified (or even somewhat unrealistic) conceptual frameworks in their pure forms, especially when the specific type of fertility examined is teenage fertility. First, teenagers may not be all that well informed, so that the notion of fertility as a rational choice may seem a bit of a stretch when considering this particular group-especially if thinking about potentially important factors such as future labour market conditions, including wages. Second, the traditional economic view that fertility behaviour is simply a consequence of rational choice is also at odds with the concept of 'natural fertility' in the demography literature-with related practices, which additionally may be associated with social, economic, and/or cultural conditions in a given society (Easterlin, 1986: 517-18) . Third, rather than considering "education" per se, it would seem useful to consider also its component parts, such as reading skills, which may be particularly important for the case of teenage pregnancy as a specific health outcome of interest.
Based on this discussion a combined and augmented rational choice fertility health human capital framework, specifically adapted to the Ghanaian context, may serve as a more useful conceptual framework to better understand the factors governing teenage pregnancy in Ghana than either of the traditional, pure rational choice or the health human capital frameworks. 15 One of the seminal papers here is Becker (1960) .
Some of the factors in this combined, augmented framework are special, if not unique, to the Ghanaian context-perhaps most importantly, human capital.
To better understand how human capital-including formal and non-formal education, and reading skills and health knowledge-affect teenage pregnancy specifically in the Ghanaian context, while at the same time tying this in with previous related research, it is useful to first recall that previous research has distinguished between two main roles of education for affecting health. The first of these has been termed "allocative efficiency"-denoting the fact that educated individuals combine health inputs more efficiently and therefore are able to produce more and/or better health than uneducated individuals (Rosenzweig, 1995) . 16 Here, through their increased health knowledge, more educated teenagers are better able to combine health inputs related to pregnancy avoidance (such as the use of several different types of contraceptives and/or practices simultaneously-for example combining the use of condoms with the use of anti-spermicidal lubricant) to achieve even lower risk of experiencing a teenage pregnancy than if using only one input.
They may also consult the doctor and other health personnel more frequently about the use of contraception and related practices, thereby lowering the risk of experiencing a pregnancy.
The second main role of education for affecting the production of health has been termed "productive efficiency," which denotes the fact that the health productivity of an individualhere, a teenage girl-is higher the more education they have (and-since skills result from education-therefore also the more and better skills, they have). More generally, educated individuals can therefore produce more health output-including averting a teenage pregnancyfor a given amount of inputs (Grossman, 1972) . For example, teenagers with more education are likely to be better able to produce a higher decrease in the risk of experiencing a pregnancy out of a given set of contraceptive inputs and are also better able to read and accurately follow prescriptions and instructions, for example-thus ensuring more effective contraceptive use.
Similarly, skills work through the individual's consumption possibilities and preferences-including the consumption of contraception and preferences for fertility and/or contraceptive use-in several different ways. Most importantly, an individual's income may increase from participation in schooling activities. This could be due to a direct productivity effect from literacy and numeracy or from socialization or discipline skills obtained from schooling. Alternatively, earnings capacity may increase either from credentialism/diploma effects or signalling (Spence, 1973) obtained from formal education. In addition to affecting the individual's consumption possibilities, participation in schooling activities may also affect the knowledge of-and needs or tastes for-contraception and fertility. Indeed, if an individual were not aware of contraception practices and/or their usefulness, why would s/he demand them in the first place?
Additionally, in terms of skills specifically in the Ghanaian context, there are at least three possible reasons/mechanisms why having more skills are related to a decreased risk of experiencing a pregnancy as a teenager. First, girls who can read are more likely to benefit from public health campaigns, by being able to read flyers, banners and signs with public health messages-many of which pertain to HIV/AIDS, and, therefore, at least indirectly, to undesired pregnancies, as well. 17 This is especially true for English reading skills, since most of these campaigns are done using English (the official/government language). Again, the relevance of this channel does not necessarily require that reading these messages is where the health knowledge is initially created-alternatively, this channel could instead be considered a reinforcement of already acquired health knowledge. Second, in terms of schooling, girls with higher levels of formal schooling are more likely to have experienced sex education in school, as are also participants in adult literacy programs (as discussed in the Introduction, several of the topics here, in addition to basic literacy and numeracy skills, explicitly deal with family planning and related issues). Importantly, even if these programs seem to have obtained fairly dismal outcomes in terms of literacy and numeracy outcomes (Blunch, 2013; Blunch and Pörtner, 2011) , participants may still obtain this reproductive health knowledge-so that this effectively becomes "knowledge in time" (as opposed to the health knowledge from childhood schooling, which may have deteriorated to some extent). Third, both girls with (more) formal schooling and adult literacy program participants are likely to both have higher (expected/future) wages, as well as being more likely to currently be working (the so-called "incarceration effect")-and can therefore also be expected to be less likely to experience a teenage pregnancy.
From this discussion, it is clear that skills, formal educational attainment and adult literacy program participation all are potentially endogenous to whether a teenage girl experiences a pregnancy, conceptually (though it is still possible-even likely, due to the nature of the data-that the reading skills, as well as the schooling and adult literacy program 17 I have witnessed this myself, on numerous occasions in both urban and rural areas in Ghana.
participation may have been obtained prior to becoming pregnant, so that they are at least predetermined, if not exogenous). This will therefore need to be addressed in the empirical strategy (see below).
Socioeconomic background, perhaps most importantly parental education, is also potentially important. For example, more educated parents are both a source of health/contraceptive knowledge and also more likely to instil in their children relatively stronger preferences for avoiding teenage pregnancies than are less educated parents. Additional factors include age, economic factors such as labour market and general economic conditions in the area of residence.
Estimation Strategy and Issues
The conceptual framework discussed in the previous subsection suggests that individual skills and schooling can directly affect whether a teenage girl experiences a pregnancy through the acquisition of health knowledge, including contraceptive knowledge, and the relatively higher opportunity costs for girls with more human capital and also suggest additional factors that are potentially important for experiencing a teenage pregnancy and therefore should be included in the empirical specifications. 18 The empirical analysis will examine this relationship, using linear approximations of the optimal teenage pregnancy equation, where human capital is measured by dummy variables for Ghanaian and English reading skills, level of formal schooling completed, and participation in adult literacy programs.
The natural starting point is estimating a regression of having experienced a teenage pregnancy on the explanatory variables discussed in the previous section by OLS 19 (i.e. as a Linear Probability Model, LPM). Further, so as to allow for arbitrary heteroskedasticity, the estimation will be carried out using Huber-White standard errors (Huber, 1967; White, 1980) .
To allow for the possibility that observations are correlated within communities the standard errors are also adjusted for within-cluster correlation (Wooldridge, 2010) .
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Since formal educational attainment, adult literacy, and Ghanaian and English reading skills all reflect different dimensions of an individual's human capital, it is possible that this induces multicollinearity in the estimations-with possible implications for the interpretation of the results for these individual dimensions. To explore whether multicollinearity is present I will pursue the two main methods available, namely estimate the pairwise simple correlations and the variance inflation factor (VIF) scores.
After thus presenting the benchmark estimation method, several issues pertaining to the estimation of the human capital-teenage pregnancy relationship need to be addressed-where the two most important issues arguably are estimation samples (including the issue of relevant counterfactuals for program participants (non-participants) and the possible endogeneity of the human capital variables.
Regarding estimation samples, in addition to estimating the human capital-teenage pregnancy relationship for the full sample, there is a compelling case to be made for carrying out the estimations across several subsamples, also. First, girls with particularly low-or nocompleted education seem particularly vulnerable. Also, with one focus of this paper being on adult literacy programs and since, methodologically, the correct counterfactual for teenage girls who have attended adult literacy programs is uneducated teenage girls who would potentially enrol in these programs, there is a case to be made that only girls who have not completed primary education (or higher) should be included in the estimation sample when one is explicitly interested in the effect of adult literacy program participation on teenage pregnancy. Further, from a policy perspective, these girls would also seem to be more at a disadvantage in terms of both human capital and providing for their children and should therefore be of special interest to policy makers. A separate analysis for teenage girls with less than primary education completed therefore seems warranted. Second, rural areas suffer more from lack of adequate provision of educational facilities than urban areas. Girls from rural areas are also more likely to suffer from social exclusion following a pregnancy as teenagers, due to the more traditional social norms in rural areas. A separate analysis for rural areas therefore seems warranted, as well. In addition to these two sub-samples, it would seem potentially useful to combine the two, i.e. to examine girls with no formal education from rural areas in a separate analysis-these girls may be particularly vulnerable, both in terms of a potential pregnancy and having particularly low human capital.
One potentially important econometric issue pertaining to these estimations (which was also emphasised in the conceptual framework) is that reading skills, formal educational 13 attainment and/or adult literacy program participation all may potentially be endogenous for teenage pregnancy. In response to this, I initially pursue an instrumental variable (IV) / TwoStage Least Squares (2SLS) strategy using two of the main IV strategies that have been used in recent years: either using as IVs (1) various combinations of time of year, birth cohort, and/or geographical area of birth dummies to capture variation in institutional factors relevant for human capital accumulations such as compulsory schooling laws or expansion of educational programs (Angrist and Krueger, 1991; Duflo, 2001) or (2) variables for proximity or exposure to educational institutions in the local area (Card, 2001) . This strategy has previously been applied to studies for Ghana (Blunch, 2013; Blunch and Pörtner, 2011) , where more information about these instruments can be found.
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While the empirical strategy outlined here allows educational attainment to be endogenous, it is still possible that an estimation strategy that treats educational attainment as exogenous is ultimately preferred. There are two main reasons why this might be the case: either the instruments are not necessary for a given application (even if they are valid) or they are invalid-or both. First, as was noted above, conceptually educational attainment could potentially be regarded as predetermined (if not exogenous) for this application-if this is indeed the case and the two other potential sources of endogeneity bias, namely omitted variables and measurement error are also not too strong, it is possible that the Wu-Hausman test for endogeneity will pass (i.e. cannot reject exogeneity). If this is the case it would seem prudent to use ordinary least squares instead, since this would then be efficient relative to IV/2SLS. In this case, effectively, IV/2SLS is not called for, i.e. "the medicine would be worse than the disease."
Additionally, however, it is useful to combine the test for endogeneity with examining the validity of the instruments-for at least two reasons. First, even in the presence of endogeneity (as determined by the Wu-Hausman test) the OLS results may still be preferred if the instruments are not valid. Second, if the Wu-Hausman test fails to reject exogeneity, it is still useful to determine whether that is merely due to the instruments being invalid to begin with.
The validity of the instruments, in turn, has two dimensions. First, if the instruments in the first stage are weak, the use of IV/2SLS is questionable to begin with (Bound, Jaeger, and Baker 1995) . This is typically tested as a joint (F-) test of statistical significance of the identifying/excluded instruments (that is, excluded from the second-stage regression) in the first-stage regression of the endogenous variable(s). In particular, based on the work in Staiger & Stock (1997) , the "Rule of 10" has found wide application, meaning that for a given instrument to be strong, it should yield an F-statistic of 10 or more (in practice, one would ideally like an even higher F-statistic, especially when there is more than one endogenous variable/instrument).
Second, if there are more instruments than there are potentially endogenous variables, it is possible to test for the validity of the over-identifying instruments using the Hansen-Sargent test for over-identification. If they do not pass this test, the instruments are not valid, either. This can be tested as a chi-square test of N times the R 2 from a regression of the IV residuals on the full set of instruments (Wooldridge, 2010: 134-136) . So, passing both the tests for weak instruments and for over-identification (if there are more instruments than potentially endogenous variables) are necessary but not sufficient conditions for the instruments to be valid.
Even if the tests for endogeneity would seem to suggest that the IV estimation strategy is not empirically relevant for this application, it still seems prudent to extend the analysis with additional alternative estimation strategies to help support the (potentially biased) OLS/LPM results, if feasible. For the application here, additionally using matching on observableswhereby the treatment effect from a binary treatment can be estimated-seems particularly useful as an additional, alternative estimation strategy. 21 The treatment effect of formal educational attainment will be estimated for the full and rural samples, whereas the effect of adult literacy program participation is estimated for the sample of teenage girls with less than primary education completed. In both cases I use Mahalanobis covariate matching 22 , implementing the robust analytical standard errors proposed by Abadie and Imbens (2006) to correct for possible heteroskedasticity and impose common support (as also suggested by Rosenbaum and Rubin, 1983) .
Results
This section reviews the results from the multivariate models, focusing at the results for educational attainment, adult literacy program participation and Ghanaian and English reading 21 The variables used for the matching include all explanatory variables from the previous regressions except the possibly endogenous explanatory variables (formal educational attainment, adult literacy program participation, and (English and Ghanaian) reading skills). 22 For details on Mahalanobis matching, see for example Rosenbaum and Rubin (1985) .
skills. 23 I will start by first determining the preferred estimation method-where the "candidates" are OLS and 2SLS-and then discuss the results.
The results from specification tests indicate that the use of OLS, i.e. the Linear Probability Model (LPM) is preferable for this application overall (Appendix , Tables A1-A3) .
First, the results from Wu-Hausman tests indicate that reading skills, schooling, and adult literacy program participation are not endogenous to experiencing a teenage pregnancy (Appendix , Tables A1-A3 ). It therefore seems prudent to use OLS, since this will yield more efficient estimates if IV is not called for. But is this merely due to having "bad" instruments?
The Tables A3-A5) . 24 Together, this gives some credence to the finding of lack of endogeneity not being entirely due to the instruments merely not being valid in the first placethough they certainly could be (even) stronger predictors of the potentially endogenous variables.
Especially the Access X Individual Characteristics IV specification, and here again especially for the specification with cluster fixed effects, for the target group of women with less than primary completed-which is probably the preferred specification among all the specifications-comes out particularly strong in terms of the predictive power of the instruments from the first stage (and also passes the over-identification test). But some of the other specifications certainly suffer from weak instruments.
The reading skills, schooling, and adult literacy program participation coefficients from the OLS ever pregnant regressions are presented in Table 2 for the four estimation samples: full sample, girls with less than primary completed, rural sub-sample, and girls with less than primary completed from rural areas. For each of these estimation samples, two sets of results are presented (with two different specifications of geographical fixed effects, one with regional fixed effects and one with cluster fixed effects-where the latter can be considered "cleaner," though at the expense of less precision). The first set of results includes all variables, except reading skills, and the second set of results adds Ghanaian and English reading skills. Since the main focus of this paper is on the impact of skills and schooling, the results from the additional controls (as described earlier) are omitted in this table for brevity (but are included in the Appendix, Tables A4 and A5 ).
[ Table 2 about here]
Starting with the results that can be compared with the previous literature-namely the results for formal education-it is clear from the first column for both the full and the rural samples in Table 2 that formal educational attainment is highly negatively associated with experiencing a teenage pregnancy in both substantive and statistical terms. For the full sample, for example, having completed middle school or junior secondary is associated with about a minus five percentage-points lower probability of experiencing a teenage pregnancy (relative to the reference group, less than primary completed). The results for having completed secondary and above is even more pronounced, at about minus 12 percentage-points. Both of these estimated coefficients are also quite precisely measured and therefore highly statistically significant (at a one percent level of statistical significance).
This is in line with previous findings from the related literature, both for Sub-Saharan Africa (Palermo and Peterman, 2009; Gupta and Mahy, 2003) , as well as for (the much larger literature on) Asia (Hirschman and Rindfuss, 1980; Bloom and Reddy, 1986; and Basu, 1993) . Gupta and Mahy (2003) , for example, examine (among other things) the determinants of pregnancy among adolescent girls (18-24 years of age) before age 18 for eight different SubSaharan African countries and find that in all countries having eight or more years of education is associated with being between about 50 and 90 percent less likely to experience a pregnancy before age 18 than if having no education completed (the reference category). For Ghana, in particular, it is found that having 1-7 years of education and having eight or more years of education, respectively, are associated with being between about 25 and 73 percent less likely to experience a pregnancy before age 18 than if having no education completed (the reference category). This is consistent with the results found in Table 2 , given the differences in the reference categories, the definition of the educational categories, and the dependent variables (i.e. actual birth versus pregnancy).
Once reading skills are introduced, however, this effect from formal educational attainment decreases or even disappears, in some cases-as can be seen from the second column for both the full and the rural samples in Table 2 . In turn, reading skills seem to matter both in statistical and substantive terms (except for the rural subsample and for girls with no formal education from rural areas for the specification with cluster fixed effects). For the full sample, for example (specification with regional FEs) at about minus 5.5 percentage-points, the estimate for English reading is about double that of Ghanaian reading, at 1.7 percentage-points. This is consistent with the observation that most public health campaigns in Ghana are carried out in English (which is also the "official"/government language more generally). The finding that reading skills matter, in turn, highlights both the importance of skills (and output from education)
as opposed to merely school participation, per se, and therefore also the importance of school quality: if quality is low, actually obtaining these reading skills is not a given even if one attends school. This finding therefore also highlights part of the contribution of this study, namely by shifting focus from merely education to the skills, including reading skills, obtained from that education.
The estimates for adult literacy program participation are virtually zero, in statistical as well as substantive terms, for the full sample, as well as the rural subsample. Again, this is not really surprising as it may be claimed that the correct estimation sample here should focus exclusively on girls with no formal education (since these are the relevant potential participants of adult literacy programs in the first place). Alas, when restricting the estimation sample accordingly, there are now substantively large, negative and statistically significant effects on teenage pregnancy-at about minus 9 percentage-points for the specification using regional FEs, while somewhat higher (but also less precisely measured) for the specification using cluster fixed effects, at about 13-14 percentage-points (and still statistically significant, though only at 10 percent).
While the results for the full specification with the full set of education and reading skills variables-where the estimated coefficients are (or become) small(er) speak strongly to a weak(er) relationship with teenage pregnancy in substantive terms-it is useful to explore whether multicollinearity can help explain the lack of statistical significance occurring in some cases (sometimes occurring after the reading skills are included). While it is not clear exactly "how high is high," though a VIF of 10 sometimes is chosen as the (arbitrary) threshold (Wooldridge, 2009: 96-99) , having simple correlations ranging from about 0.10 to about 0.36 in absolute value for the main simple correlations of interest here (namely those between, on the one hand, educational attainment and, on the other, the outcomes of this educational attainment, namely Ghanaian and English reading skills) and all individual VIF scores below 4 (and the average VIF scores below 3) multicollinearity does not seem to be a serious issue here.
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To support the OLS results from the main analysis I also estimate the impact of formal educational attainment and adult literacy program participation on teenage pregnancy using matching on observables as an alternative identification strategy. Tables A6 and A7 in the Appendix present the results from matching on observables, using Mahalanobis matching and incorporating the heteroskedasticity-consistent analytical standard errors proposed by Abadie and Imbens (2006), for a range of treatments and estimation samples. For formal educational attainment a set of three different treatments are considered: ever having attended school, completing primary and above, and completing junior secondary and above (Table A6) , while for adult literacy program participation one treatment is considered: having ever attended an adult literacy program (Table A7) .
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From the tables it appears that the matching results are consistent with the previous (regression/OLS) results overall. There are some differences in magnitude and statistical significance, of course. At about 9-11 percentage-points, the estimates for adult literacy program participation, for example, are both slightly higher and much more precisely measured than was the case for OLS using regional FEs (between 7-9 percentage-points), though still not as high as the OLS results using cluster FEs (about 13-14 percentage-points).
To examine the robustness of the main results I also perform several sensitivity analyses. 27 First, it would seem useful to examine in (even) more detail the possible heterogeneity with respect to the adult literacy variable-for example, along the lines of Blunch and Pörtner (2011), which finds that the effect of adult literacy program participation on household economic welfare decreases as the education level of the household goes up. It turns out, however, that no girls with junior secondary school or higher has also attended an adult literacy program. The only group that can be examined in addition to the "less than primary completed" group from the main analysis, therefore, is girls with primary completed. From these 25 Due to space constraints the results tables are not shown here-but they are available upon request. 26 For both types of education treatments the variables used for the matching include all explanatory variables from the previous regressions except the possibly endogenous explanatory variables (formal educational attainment, adult literacy program participation, and (English and Ghanaian) reading skills). 27 Due to space constraints the results tables for the sensitivity analyses are not shown here-but they are available upon request.
19 results the estimated coefficient for adult literacy program participation is statistically indistinguishable from zero, supporting the conjecture in Blunch and Pörtner (2011) of adult literacy programs and formal education being highly substitutable. Second, it is possible that the married women in this sample face very different exposures and risks, so that one might argue that these women should be excluded from the estimation sample. To examine whether inclusion of the married women affect the results, I re-estimated the models without these (84) women in the estimation sample. The results were very similar overall, though the results for adult literacy program participation were slightly strengthened. Most notably here the results for the women from the full sample with no formal education completed using cluster fixed effects saw an increase in the coefficient estimate of about 3 percentage points, to about (minus) 16
percentage points, in total-which further was statistically significant at a 10 percent level of significance.
In summary, the main impression from the results obtained here is that formal educational attainment and adult literacy program participation both have substantial (negative) effects on the probability of experiencing a teenage pregnancy, though the latter is particularly pronounced among girls who have not completed primary school. Additionally, there seems to be a separate, distinct effect from reading skills, especially English reading skills.
Notably, had one relied only on the full sample results, the conclusion would have been that adult literacy programs are ineffective in decreasing teenage pregnancy. In turn, this also highlights the importance of selecting appropriate estimation samples in applied econometrics analysis more generally.
Conclusion
This paper examines the association between the human capital of Ghanaian teenage girls and their probability of having ever experienced a pregnancy. The relationship between human capital was explored along several dimensions of human capital, including formal educational attainment, as well as adult literacy program participation and English and Ghanaian reading skills.
Altogether, though as always there necessarily are caveats involved when conducting empirical research-especially when attempting to estimate causal effects-as was also Where does this effect from adult literacy program participation on teenage pregnancy come from? Arguably, health knowledge-which, as previously discussed, is an integral part of the adult literacy course curriculum in Ghana-explains part of the effect of adult literacy program participation on teenage pregancy established here. This is especially true for the full specifications estimated previously, since reading skills are controlled for. In turn, this supports findings from previous research that health knowledge is particularly important for health outcomes, and more so than literacy and numeracy (see, e.g., Glewwe, 1999 for a study of maternal skills and schooling and child health in Morocco).
On the other hand, previous research has found that adult literacy programs have not been all that successful in creating literacy (and numeracy) skills-though this is their stated objective-among participants (Abadzi, 1994; Ortega and Rodríguez, 2008) , which also seems to be one of the main reasons why adult literacy programs appears to have been abandoned to a large extent in recent years across the developing world, including by major players such as the World Bank (Chowdhury, 1995) . Yet, the results here indicate that adult literacy programs may still have something to contribute in terms of improving livelihoods among participants.
Importantly, this is true even if improving livelihoods is not in terms of the officially stated program objectives of providing literacy and numeracy skills but rather in terms of enabling girls to avoid experiencing a teenage pregnancy. And thereby enabling them to build a brighter future for themselves and their future children. Notes: Robust Huber-White (Huber, 1967; White, 1980) standard errors, adjusted for within-community correlation/clustering (Wooldridge, 2010) , in brackets under parameter estimates. *: statistically significant at 10 percent; **: statistically significant at 5 percent; ***: statistically significant at 1 percent. Additional controls include remaining variables from 28 correlation/clustering (Wooldridge, 2010) . The explanatory variables in estimations are the same used for the estimations in Table 1 . NA: "Not Available" à Since this specification cannot be estimated, due to the instruments being perfectly correlated with the cluster FEs for this specification. Source: Ghana Living Standards Survey (Round 5, 2005/06). (Huber, 1967; White, 1980) standard errors and also adjust for within-community correlation/clustering (Wooldridge, 2010) . The explanatory variables in estimations are the same used for the estimations in Table 1 . NA: "Not Available" à Since this specification cannot be estimated, due to the instruments being perfectly correlated with the cluster FEs for this specification. (Huber, 1967; White, 1980) standard errors and also adjust for within-community correlation/clustering (Wooldridge, 2010) . The explanatory variables in estimations are the same used for the estimations in Table 1 . Source: Ghana Living Standards Survey (Round 5, 2005/06) . Notes: Robust Huber-White (Huber, 1967; White, 1980) standard errors, adjusted for within-community correlation/clustering (Wooldridge, 2010) Notes: The results for the cluster FEs have been omitted for brevity (available upon request). Robust Huber-White (Huber, 1967; White, 1980) standard errors, adjusted for within-community correlation/clustering (Wooldridge, 2010) , in brackets under parameter estimates. *: statistically significant at 10 percent; **: statistically significant at 5 percent; ***: statistically significant at 1 percent. Source: Ghana Living Standards Survey (Round 5, 2005/06). Notes: Additional control variables include the explanatory variables from the ever pregnant OLS regressions in Table 1 , including variables for parental education, birth cohort, region of birth, region of current residence, urban residence (the last two variables not included in the specification with cluster FEs due to perfect collinearity). Estimations incorporate the heteroskedasticity-consistent analytical standard errors proposed by Abadie and Imbens (2006) (in brackets under parameter estimates). The lower numbers of observations for the specifications with cluster FEs are due to some of the communities having no variation in treatment status. ***: statistically significant at 1 percent; **: statistically significant at 5 percent; *: statistically significant at 10 percent; ++: statistically significant at 15 percent; +: statistically significant at 20 percent. Notes: Additional control variables include the explanatory variables from the ever pregnant OLS regressions in Table 1 , including variables for parental education, birth cohort, region of birth, region of current residence, urban residence (the last two variables not included in the specification with cluster FEs due to perfect collinearity). Estimations incorporate the heteroskedasticity-consistent analytical standard errors proposed by Abadie and Imbens (2006) (in brackets under parameter estimates). The lower numbers of observations for the specifications with cluster FEs are due to some of the communities having no variation in treatment status. ***: statistically significant at 1 percent; **: statistically significant at 5 percent; *: statistically significant at 10 percent; ++: statistically significant at 15 percent; +: statistically significant at 20 percent. Source: Ghana Living Standards Survey (Round 5, 2005/06).
